Abstract: Psoriasis is an immune-mediated inflammatory dermatosis commonly affecting the scalp and fringes of the face, neck and ears. It may be difficult to treat and the presence of extensive and highly visible lesions may significantly influence psychosocial well-being. Secukinumab, a monoclonal antibody that selectively targets interleukin-17A and has been shown to provide robust and sustained efficacy for whole body psoriasis. In this review, we evaluate the evidence to date of secukinumab in patients with moderate-to-severe scalp psoriasis. A comprehensive Cochrane database and PubMed searches of all available literature in English through September 2018 was performed using the search terms: "psoriasis", "scalp" and "secukinumab". Based on current evidence, we conclude that secukinumab is efficacious and well-tolerated treatment for patients with moderate-to-severe scalp psoriasis. Further studies are however warranted.
Introduction
Psoriasis is a chronic immune-mediated disease affecting the skin and joints with numerous associated systemic comorbidities including obesity, diabetes, metabolic syndrome and heart disease. Psoriasis affects 3.2% of the population worldwide. 1 There are several clinical variants of psoriasis with plaque psoriasis being the most common, present in approximately 80% of the psoriasis patients. Scalp psoriasis together with intertriginous, palmoplantar and nail psoriasis are in general considered difficult to treat. Scalp psoriasis can affect up to 80% of the psoriasis patients and is the first site of involvement in up to 25% of the cases. 2, 3 While the head and neck represent only 10% of the body's surface area, the consequences of scalp psoriasis may be disproportionate to the area affected. 4 The use of scoring systems specific to the body site helps in assessing more precisely the severity of psoriasis in these difficult to treat locations. 5 Additionally, the assessment of a more comprehensive evaluation of the psoriasis disease burden can be obtained by using patient-reported outcomes. Scalp psoriasis has been shown to impair quality of life regardless of the severity of psoriasis on other affected body regions. 6 In addition to pain, pruritus, cracking, bleeding and shedding of scale, it can also increase psychosocial burden especially in patients with visible lesions. 4, 7 While psoriasis is traditionally a highly symmetrical condition affecting both sides of the limbs equally (ie, knees and elbows), it is seldom symmetrical on the scalp due to persistent scratching of predominantly one side of the head (Koebner phenomenon). Psychological burdens of psoriasis include negative impact on work or school attendance and performance, reduced self-esteem, negative social interaction and interference with daily routines. 4, 7, 8 Treatment of scalp psoriasis is challenging, as clinical response is frequently insufficient. Current treatment modalities include phototherapy, topical corticosteroids topical vitamin D analogs systemic agents including methotrexate, cyclosporine and apremilast and available biologic agents. 4 Secukinumab is a human IgG1 monoclonal antibody that selectively binds to and neutralizes interleukin (IL)-17A. It is FDA approved for the treatment of adult plaque psoriasis, psoriatic arthritis and ankylosing spondylitis. IL-17A is a key cytokine of Th17 cells that participates in keratinocyte stimulation to produce chemokines, cytokines and other proinflammatory mediators and sustains chronic inflammation. 9 The dose of secukinumab is 300 mg by self-administered subcutaneous injection at weeks 0, 1, 2, 3 and 4 followed by 300 mg every 4 weeks. 10 The safety and efficacy of secukinumab in patients with moderate-to-severe plaque psoriasis has been well demonstrated in phase 3 studies. 7, [11] [12] [13] [14] In this review, we evaluate the evidence to date of the efficacy of secukinumab in patients with moderate-to-severe scalp psoriasis.
Method of literature search
A comprehensive Cochrane database and PubMed central and PubMed searches of all available literature in English through September 2018 was performed using a combination of the following search terms: "psoriasis", "scalp" and "secukinumab". Only clinical trials, case series and reports were considered in our search. A total of three articles matched the search criteria and were included in this review, two were results of a single randomized controlled clinical trial, the third article was a case report. The remainder of the publications found were either reviews of the literature or out of the scope of this article ( Figure 1 ).
Review of evidence
A phase 3b randomized controlled trial (RCT) analyzed the effects of secukinumab in moderate-to-severe scalp psoriasis. 15 Adult patients with moderate-to-severe scalp psoriasis of ≥6 months duration, inadequately controlled by topical treatments, or systemic therapies were eligible to participate in the trial. It is worth noting that both patients with or without plaque psoriasis elsewhere on the body were equally eligible. Moderate-to-severe scalp psoriasis was defined as a Psoriasis Scalp Severity Index (PSSI) score of ≥12, with ≥30% of the scalp surface area affected and an Investigator's Global Assessment modified 2011 (IGA mod 2011) (scalp only) score of ≥3. The objectives of the study included determining the number of patients that achieved an improvement of 90% in the PSSI (PSSI 90), and an IGA mod 2011 score of 0 (clear) or 1 (almost clear) at week 12. Additionally, the following patient-reported outcomes were evaluated: scalp pain, itching and scaling at baseline and thereafter at weeks 1, 2, 3, 4, 8 and 12. Quality of life (QOL) was assessed at baseline and then every 4 weeks using the patient-reported Scalpdex. A total of 102 patients were randomized 1:1 to either secukinumab 300 mg or placebo at baseline, weeks 1, 2 and 3, and then every 4 weeks for 24 weeks. 16 At 12 weeks, patients on placebo who did not achieve a PSSI 90 were switched to secukinumab 300 mg until week 24. Patients on placebo that achieved PSSI 90 continued on placebo until the end of the study. All groups remain blinded during the course of the study. Baseline characteristics such as age, gender, BMI and baseline PSSI and Psoriasis Area and Severity Index (PASI) scores were similar among both groups.
Clinical efficacy: At week 12, PSSI 90 was achieved by 52.9% of the patients in the secukinumab group vs 2% in the placebo group. At week 24, the percentage of treated patients that achieved PSSI 90 reached 58.8%. The IGA scalp score of 0/1 was achieved by 56.9% in the secukinumab group vs 5.9% in the placebo group. Additionally, at 12 weeks, 35% of the patients in the secukinumab group achieved a PSSI 100 compared to 0% in the placebo group, and at week 24 the rate of patients with PSSI 100 reached 47.2% (p<0.001). Patient-reported outcomes: Overall, QOL improvement was significantly higher in the secukinumab treated group compared to placebo (p<0.001). Patients treated with secukinumab also recorded a statistically significant greater mean improvement in scalp itching, scaling and pain compared to placebo (p<0.001). There were no new safety signals with secukinumab during the 24 weeks of the trial.
Additionally, a case report presented a scalp psoriasis patient successfully treated with secukinumab. The patient presented psoriasis lesions on the scalp with a surface area affected ≥30%. After 16 weeks of treatment with secukinumab 300 mg, the patient was clear of lesions. At 52 weeks the patient maintained clear of his psoriasis. 17 
Conclusion
Scalp psoriasis has a large negative impact on psychosocial aspects and overall quality of life of patients with moderate-tosevere psoriasis. 6, 18 Scalp involvement is present in up to 80% of the psoriasis patients 3 and is considered among the difficult to treat areas in psoriasis patients. Clinical trials for the treatment of plaque psoriasis with biologic agents including adalimumab, etanercept, infliximab, ustekinumab, ixekizumab, guselkumab and risankizumab have also shown significant reduction of the mean PSSI with a significant number of patients achieving scalp clearance. [19] [20] [21] [22] [23] Further more, a pooled analysis of 4 phase III RCT (ERASURE, FIXTURE, FEATURE and JUNCTURE) assessed the efficacy of secukinumab for head and neck psoriasis in patients with moderate-to-severe psoriasis. 7 This sub-analysis did not assess scalp psoriasis separated from other areas of the head and neck. At 52 weeks, head and neck PASI 90 and 100 responses were achieved by 76.0% and 68.7% of the patients receiving secukinumab 300 mg, respectively. At Week 52, whole body PASI 90 and100 responses were achieved by 68.1% and 40.8% of the patients receiving secukinumab 300 mg, respectively. Most of these studies were subanalyses of larger RCTs designed for patients with plaque-type psoriasis anywhere in the skin. 3, 24 Furthermore, in many of those RCT patients were allowed to use topical treatments. In contrast, the inclusion criteria for the RCT described above was designed to include patients solely based on the severity of scalp psoriasis regardless of body plaque psoriasis and the use of any topical treatment during the study was not allowed. 23, 25, 26 Patients in this trial had severe scalp psoriasis with a mean scalp surface area affected of 60% and a mean PSSI of 33.2. Additionally, 89% of the patients in this study had a baseline PASI score of 9.24, lower than the requirement systemic clinical trials have. Therefore, result comparisons between other scalp psoriasis studies and the one we have reviewed should be performed cautiously. The clinical trial described in this review showed that treatment with secukinumab 300 mg, achieved significantly greater PSSI 90, PSSI 100 and IGA mod 2011 scalp 0 or 1 scores than placebo at week 12. These responses were sustained up to week 24. Significant clinical responses to secukinumab were observed as early as 3 weeks after starting treatment. Secukinumab is efficacious and well tolerated in moderate-to-severe scalp psoriasis even when used alone without concomitant treatment for scalp psoriasis. Additionally, there were no new safety signals during the 24 weeks of treatment with secukinumab. The safety profile of secukinumab in this study was similar to that seen in previous phase 3 trials. [11] [12] [13] Patients treated with secukinumab also reported significant improvement of psoriasis scalp pain, itching, scaling and scalp-related quality of life as early as 1 week for scaling and week 2 for pain, and itching. Improvements in scalp-related quality of life, pain, itching and scaling were maintained through week 12. 16 Despite many moderate-to -severe psoriasis patients being treated with biologic agents, there is limited evidence regarding the effectiveness of biologic agents for specifically treating scalp psoriasis and its associated symptoms. The clinical trial discussed in this review focused not only on physical findings but also on subjective symptoms, providing evidence for the treatment of several under recognized and undertreated subjective manifestations such as itch and pain, which can have a deep impact in our patients' quality of life.
In conclusion, secukinumab is an efficacious and well-tolerated treatment for patients with moderate-tosevere scalp psoriasis. Further trials and registries will be required to assess the longer-term safety and efficacy of secukinumab in scalp psoriasis.
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